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EXPRESS 'MAIL NO. EL487804375US 



1 

DMOS TRANSISTORS WITH 
SCHOTTKY DIODE BODY STRUCTURE 

TECHNICAL FIELD 

This invention relates to power MOS (DMOS) transistors, and 
5 more particularly, to a Schottky diode incorporated in parallel with an intrinsic 
body diode of a DMOS transistor to reduce parasitic effects. 

BACKGROUND OF THE INVENTION 

Power MOS transistors, also called DMOS transistors, are 
commonly used to drive inductive loads such as solenoids or DC motors. A 
10 DMOS transistor can transfer peak currents of up to 280 amps or continuous 
currents of up to 70 amps to an inductive load. The DMOS transistor may 
operate at voltages as high as 1,000 volts with a resistance as low as 0.02 ohms. 
The DMOS transistor is also not susceptible to thermal runaway or secondary 
breakdown problems. 

15 DMOS transistors are typically fabricated in an IC chip which is 

connected to control the inductive load. The semiconductor structure of the 
DMOS transistor gives rise to parasitic effects which, under the appropriate 
conditions, may degrade the performance of the transistor. Specifically, body 
diodes, parasitic bipolar junction transistors (BJTs) and capacitances influence 

20 the operation of the DMOS transistor. 

The parasitic effects may be illustrated with reference to a 
conventional H-bridge circuit shown in Figure L An inductive load L is 
powered by four N-channel DMOS transistors, Ml, M2, M3, and M4. A drain 
of the transistor M2 and a drain of the transistor M3 are connected to a voltage 

25 source Vcc. A source of the transistor M4 and a source of the transistor Ml are 
connected to a ground voltage reference. A source of the transistor M2 and a 
drain of the transistor M4 are connected to a first end of the inductive load L, and 
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a source of the transistor M3 and a drain of the transistor Ml are connected to a 
second end of the inductive load L. Each of the DMOS transistors is shown with 
a respective body diode DM, Db2, Db3, and Db4 connected between the source 
and the drain. The body diode is intrinsic to the structure of the DMOS 
5 transistor. Parasitic transistors QP and QP2 are also shown. 

The four DMOS transistors of the H-bridge circuit control the 
delivery of current to the inductive load L. The DMOS transistors are alternately 
switched on and off to permit current to flow from the voltage source Vcc to the 
ground voltage reference. For example, when the transistors Ml and M2 are 

10 switched on and the transistors M3 and M4 are switched off, current will flow 
from the voltage source Vcc, through the transistor M2, the inductive load L, and 
the transistor Ml to the ground voltage reference. If the transistors M3 and M4 
are switched on, and the transistors Ml and M2 are switched off, current will 
flow from the voltage source Vcc through the transistor M3, the inductive load L, 

15 and the transistor M4 to the ground voltage reference. 

When the DMOS transistors switch on or off to change the 
direction of current in the inductive load L, the inductive load L will react by 
applying a transient voltage to oppose the changing current. The transient 
voltage will often activate the parasitic devices in the DMOS transistor. For 

20 example, with reference to Figure 1, if the transistors M3 and M4 are conducting 
current through the inductive load L and are switched off, the inductive load will 
react to maintain the current. Specifically, the drain of the transistor Ml will be 
driven below the ground voltage reference to draw current through the transistor 
Ml, and the source of the transistor M2 will be driven above the voltage source 

25 Vcc to force current through the transistor M2. The parasitic effects may be 
demonstrated by examining the structure of the DMOS transistor. 

A cross-sectional view of a conventional N-channel DMOS 
transistor 8 of the type used for the transistors M1-M4 is shown in Figure 2. It 



has gate G, source S, and drain D, terminals as shown as well as a parasitic PNP 
transistor QP2 and a body diode Db. The structure of DMOS transistor 8 may be 
provided by a method known to those skilled in the art. 

The body diode Db is comprised of a P + type body region 10 and 
an N type epi pocket 12. The body diode Db is intrinsic to the structure of the 
DMOS transistor 8 and has a turn-on threshold voltage and a series resistance. 
The pafasitic PNP transistor QP2 is comprised of the P + body region 10 acting as 
an emitter, an N + type drain region 14 and the epi pocket 12 acting as a base, and 
a P" type substrate 16 acting as a collector. A finite resistance in the P" substrate 
16 is represented by a resistor Rsub. A P + type region 18 links the P" substrate 
16 with a ground voltage reference at a surface of the P" substrate 16. A second 
N type epi pocket 20 is shown in the P" substrate 16 to support a separate device. 

The known DMOS transistor 8 operates as follows. When a 
voltage at the drain terminal D exceeds a voltage at the source terminal S, and a 
positive voltage is applied to the gate terminal G which exceeds a threshold 
voltage of the DMOS transistor 8, current flows from the drain terminal D and 
the N + drain region 14 to two N + type source regions 22 and 24 through N type 
channels induced in the P + body region 10. When the voltage applied to the gate 
terminal G falls below the threshold voltage, the transistor is turned off and 
current through the DMOS transistor 8 stops. 

The body diode Db and the parasitic PNP transistor QP2 may be 
activated when a voltage applied to the source terminal S of the DMOS transistor 
8 exceeds a voltage at the drain terminal D of the DMOS transistor 8, This is 
called an oversupply effect. If the voltage at the source is sufficiently high, the 
body diode Db will be forward biased, and a recirculation current will flow from 
the source terminal S, through the P + body region 10, the epi pocket 12, and the 
N* drain region 14 to the drain terminal D. When the parasitic PNP transistor 
QP2 is activated, a portion of the current from the source terminal S will flow 
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through the emitter, the base, and into the P" substrate 16 acting as the collector 
of the transistor QP2. 

The efficiency of the transistor QP2 may be reduced by 
surrounding the DMOS transistor 8 with an N* type region which, together with 
5 a buried type layer, will act as a highly doped base so that only a small 
fraction of the current from the source terminal S (usually 3 to 4%) may reach 
the P" substrate 16, The current into the P" substrate 16 raises the potential of the 
substrate because it has a finite resistance Rsub. The epi pockets 12 and 20 have 
a voltage close to the voltage of the P" substrate 16 which enhances the effect of 

10 this current A rising potential in the P" substrate 16 may forward bias junctions 
between the P" substrate 16 and the epi pockets 12 and 20, and consequently 
inject current into the epi pockets. Such current injection is highly undesirable. 
A conventional method of alleviating the effect is to connect the P" substrate 16 
to a ground reference potential. However, this solution exacerbates another 

15 parasitic effect known as the below ground effect. 

The below ground effect is described with reference to a cross- 
section view of the conventional N-channel DMOS transistor 8 shown in 
FigureS. The structure of the DMOS transistor 8 is identical to that of the 
DMOS transistor 8 shown in Figure 2, and equivalent regions and elements have 

20 been given the same reference numerals. In addition to the regions and elements 
shown in Figure 2, two N type epi pockets 26 and 28 support other devices 
located near the DMOS transistor 8 in the P" substrate 16. Each of the epi 
pockets 20, 26, and 28 receive a device current IcP. A parasitic, bulk distributed 
NPN transistor QP is shown having the epi pocket 12 and the N + drain region 14 

25 acting as an emitter, the P~ substrate 16 and the P + region 18 acting as a base, and 
each of the epi pockets 20, 26, and 28 acting as collectors for the transistor QP. 

When the source terminal S of the DMOS transistor 8 is connected 
to the ground voltage reference and a voltage is applied to the drain terminal D 
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sufficiently below the ground voltage reference, the below ground effect occurs. 
First, the body diode Db becomes forward biased and allows a recirculation 
current to pass from the source terminal S and the P* body region 10 to the N + 
drain region 14 and the drain terminal D. Second, the transistor QP is activated. 
5 The base emitter junction of the transistor QP will become forward biased in this 
instance because the base of the transistor QP is held to the ground voltage 
reference while the voltage at the emitter is driven below the ground voltage 
reference. Each of the epi pockets 20, 26, and 28 may deliver some current as 
collectors to the transistor QP, The recirculation current drawn by the source 

10 terminal S of the DMOS transistor 8 is split between the body diode Db and the 
transistor QP. Typically, the emitter of the transistor QP carries between 10% 
and 50% of the recirculation current, depending on the relevant efficiencies of 
the body diode Db and the forward biased base emitter junction of the transistor 
QP. The split of the recirculation current may be worse if a sense resistor is 

15 connected in series with the DMOS transistor 8. In fact, a voltage drop across 
the sense resistor may make the junction between the P + body region 10 and the 
N + drain region 14 inefficient with the result that all of the recirculation current 
may be injected into the P" substrate 16. 

If the DMOS transistor 8 is subject to either the oversupply effect 

20 or the below ground effect, and sufficient current is drawn through one of the 
parasitic transistors QP2 or QP, an avalanche breakdown or a secondary 
breakdown of the respective parasitic transistor may occur which could result in 
a catastrophic failure of the DMOS transistor 8. When current is drawn through 
one of the parasitic transistors into the P" substrate 16, and the voltage of the P" 

25 substrate 16 is raised due to its resistance Rsub, then there is the potential of a 
turn-on of an SCR which may lead to a latch condition, which is very dangerous. 

Several techniques have been implemented to overcome the effects 
of the body diode and parasitic bipolar devices within the DMOS structure. In 
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one approach, an external silicon diode is placed in parallel with the DMOS 
structure, and a low voltage Schottky diode is placed in series with die drain of 
DMOS structure. The external silicon diode diverts current away from the body 
diode and the parasitic bipolar devices. However, with this approach, the DMOS 
5 structure sacrifices power to the Schottky diode and die external diodes increase 
the cost of the device. Another method includes completely isolating the device 
with a well region. Although this method may be fairly effective, it is very 
expensive and presents the risk of parasitic SCR. A third approach involves a 
technique for modifying the body diode so that the minority carriers in the P and 

10 N regions have a shorter lifetime which decreases the recombination time. 
However, this modification increases the resistance of the P and N type materials 
and complicates the fabrication of the DMOS structure. 

A fourth method for preventing parasitic effects in an N-channel 
DMOS transistor is described in U.S. Patent No. 4,811,065 to Cogan which is 

15 incorporated herein by way of reference. Cogan discloses a conventional vertical 
DMOS transistor having a Schottky diode placed in parallel with the body diode. 
The Schottky diode is forward biased by a voltage drop which is lower than the 
voltage drop needed to forward bias the body diode, and therefore the Schottky 
diode bypasses all current from the source of the DMOS transistor while 

20 preventing the body diode from becoming forward biased. The resultant 
structure increases the operational speed of the DMOS transistor by reducing the 
storage of minority carriers in the body diode. However, the DMOS structure of 
Cogan does not accommodate for the effects of parasitic B JTs associated with a 
power DMOS structure on an integrated circuit having many other transistors on 

25 the same substrate. 
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SUMMARY OF THE INVENTION 

According to principles of the present invention, a Schottky diode 
is formed on the same integrated circuit with a DMOS transistor in parallel with 
a body diode. The Schottky diode diverts current from the body diode in the 
5 event of a below ground effect or an oversupply effect, and thereby prevents an 
activation of parasitic devices in the structure of the DMOS transistor. A method 
for fabricating the DMOS transistor according to the principles of the invention 
is also disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Figure 1 is an electrical schematic diagram of an H-bridge circuit 

controlling an inductive load according to the prior art. 

Figure 2 is a cross-sectional view of an N-channel DMOS 
transistor in a substrate according to the prior art. 

Figure 3 is a cross-sectional view of an N-channel DMOS 
15 transistor in a substrate according to the prior art. 

Figures 4-16 are cross-sectional views of a process of 
manufacturing a DMOS transistor according to a first embodiment of the 
invention. 

Figure 16A is a cross-sectional view of a DMOS transistor 
20 according to an alternative embodiment of the invention. 

Figure 17 is a partial electrical schematic diagram of an H-bridge 
circuit controlling an inductive load with a DMOS transistor according to the 
first embodiment of the invention. 

Figure 18 is a cross-sectional view of the DMOS transistor of 
25 Figure 16 including parasitic elements according to the first embodiment of the 
invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

A method for constructing an N channel DMOS transistor 
according to a first embodiment of the invention is shown in Figures 4-16. 

As shown in Figure 4, a lightly doped P type silicon substrate 50 is 
5 provided having a dopant concentration in the range of 1-2E15 cm" 3 . A mask 52, 
preferably containing nitride, is formed on the surface of the substrate 50 and is 
patterned to create a dopant introduction window 53. An N + type buried region 
54 is formed in the substrate 50 through the dopant introduction window 53. The 
N* buried region 54 is formed with a conventional ion implantation process using 

10 an N type dopant such as arsenic or antimony with an implant energy of 60 KeV 
resulting in a dopant concentration in the range of 5E19-2E20 cm" 3 . A drive-in 
step may be used to diffuse the K 1 " buried region 54 into the substrate 50. After 
the implant, the substrate is annealed at a temperature between 1150°C and 
1250°C. The mask 52 is then removed. 

15 As shown in Figure 5, a new mask 56 is grown or deposited on the 

surface of the substrate 50 and is patterned to expose an annular area surrounding 
the N + buried region 54. The exposed annular area is implanted with boron ions 
at an implant energy of 60 KeV to produce a P + type buried region 58 having a 
dopant concentration in the range of 2-5E18 cm* 3 . The mask 56 is removed and 

20 the substrate 50 is annealed at a temperature between 1000°C and 1 100°C. 

As shown in Figure 6, an N type epitaxial layer 60 is grown on the 
substrate 50. The epitaxial layer 60 has a thickness of 2-4 and is doped with 
arsenic or phosphorus ions at 1000°C to 1 100°C to a dopant concentration in the 
range of 0.5-2E16 cm" 3 . 

25 As shown in Figure 7, a mask 62 is grown or deposited on the 

surface of the epitaxial layer 60 and is patterned to leave an annular area of the 
epitaxial layer 60 exposed. An N" type drain region 64 is then formed by 
implanting or diffusing phosphorus ions to a concentration in the range of 
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1-3E20 cm" 3 , A conventional thermal drive-in technique is used to diffuse the N 
type dopant ions from the surface of the epitaxial layer 60 to peripheral portions 
of the buried region 54. The mask 62 is removed and the structure is 
annealed at 1100°C. A mask 66 is grown or deposited on the surface of the 
5 epitaxial layer 60 and is patterned to leave an annular area of the surface of the 
epitaxial layer 60 exposed, shown in Figure 8. The exposed annular area is 
implanted with boron ions to form a P + type region 68 with a dopant 
concentration in the range of 2E16-2E17 cm' 3 . The P + region 68 is implanted 
and then diffused to reach the P + buried region 58. 
10 As shown in Figure 9, a layer of oxide 70 having a thickness of 

100 A to 500 A is formed on the surface of the epitaxial layer 60 and a nitride 
film 72, preferably of Si 3 N 4 and having a thickness of 1000 A to 2000 A, is 
deposited by chemical vapor deposition (CVD) processing over the layer of 
oxide 70. The layer of oxide 70 and the nitride film 72 are patterned to cover an 

15 active area over epitaxial layer 60 and an annular area over the N* drain region 
64 leaving the rest of the surface of the epitaxial layer 60 exposed. The exposed 
area is implanted with boron ions at an implant energy of 20-40 KeV to produce 
a field implant having a dopant concentration in the range of 5E17-5E18 cm" 3 . A 
conventional drive-in technique diffuses the boron ions to form a channel stop 

20 under the field oxide. The field oxide is then formed using the same mask of 
Figure 9 using conventional techniques. A thermal oxidation process is 
performed at a temperature of between 1000°C and 1100°C to produce two field 
oxide regions 74 and 76 having a maximum thickness of between 7,000 A and 
10,000 A. The nitride film 72 and the layer of oxide 70 are then removed. The 

25 field oxide regions 74 and 76 created by this step are shown in Figure 10. 

As shown in Figure 10, a gate oxide layer 80 is grown over the 
epitaxial layer 60 and a polysilicon layer 82 is deposited on top of the gate oxide 
layer 80. The gate oxide layer 80 is between 200 A and 600 A thick, and the 
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polysilicon layer 82 is between 3,000 A and 5,000 A thick. The polysilicon layer 
82 is doped through the diffusion of phosphorus ions at a temperature of between 
900°C and 1000°C, resulting in a dopant concentration in the range of 
2-3E20 cm" 3 . 

5 As shown in Figure 1 1, a plurality of gate electrodes 84 are formed 

from a pattern of the gate oxide layer 80 and the polysilicon layer 82. 

As shown in Figure 12, at a larger scale than prior figures, a 
patterned mask (not shown) is grown or deposited over the areas exposed 
between the gate electrodes 84 and an area of the epitaxial layer 60 is implanted 
10 with boron ions at an implant energy of 20-40 KeV. A P* type body region 86 
and a P" type ring region 88 are formed having dopant concentrations in the range 
of 5E17-2E18 cm" 3 . The P" body region 86 and P" ring region 88 are each self- 
aligned to the respective gate electrodes 84. This ensures accurate placement 
with respect to the gates and ease of manufacture. The mask is removed and the 
15 structure is annealed at a temperature of between 1000°C and 1 100°C. 

As shown in Figure 13, a mask (not shown) is grown or deposited 
on the surface of the epitaxial layer 60 between the gate electrodes 84 exposing 
two annular regions over the P" body region 86. The exposed regions are 
implanted with arsenic ions at an implant energy of 60 KeV, resulting in two 
20 annular N* type source regions 90 and 92 having a dopant concentration in the 
range of 1-3E20 cm* 3 . The N + source regions 90 and 92 are self-aligned, along 
one edge, to the gate electrodes 84, thus ensuring accurate placement with 
respect to the gate electrode. With reference to Figure 14, another mask (not 
shown) is grown or deposited on the surface of the epitaxial layer 60 to expose 
25 an annular region between the two N + source regions 90 and 92. The exposed 
region is implanted with boron ions at an implant energy of 15-25 KeV, resulting 
in annular P + type region 94 having a dopant concentration in the range of 
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5E19-1E20 cm" 3 . The mask is removed and the structure is annealed at a 
temperature of between 900°C and 1000°C 

With reference to Figure 15, a BPSG oxide layer 96 is deposited 
over fee field oxide regions 74 and 76, the gate electrodes 84, and the surface of 
5 the epitaxial layer 60. The BPSG oxide layer 96 has a thickness of between 
0.6 jim and 1.0 jim, and is heated to a temperature of between 900°C and 
1000°C to allow the BPSG oxide layer 96 to reflow. Gate contact electrodes (not 
shown) are formed to establish conductive paths for the gate electrodes 84. The 
gate contact electrodes are preferably provided by AlSiCu deposited by physical 

10 vapor deposition (PVD) processes. 

With reference to Figure 16, openings are etched through the BPSG 
oxide layer 96 above the N + drain region 64, the N + source regions 90 and 92, the 
P + region 94, the P" ring region 88, and the epitaxial layer 60. The openings are 
positioned to expose a portion of the P" ring region 88 and the epitaxial layer 60, 

15 the P + region 94 and a portion of the N + source regions 90 and 92, A metallic 
layer 98, preferably of AlSiCu, is deposited in the openings to establish an ohmic 
contact between the N + source regions 90 and 92, the P* region 94, and the P~ 
ring region 88. The gate electrodes 84 are electrically connected together by the 
appropriate contacts such as a conductive mesh or second level interconnects, not 

20 shown, to retain clarity and because it is well known in the art. A metallic layer 
100, also preferably of AlSiCu, is deposited over the N + drain region 64 to 
provide an ohrnic contact for the drain of the DMOS transistor. The metallic 
layers 98 and 100 are deposited by any suitable technique, PVD being preferred. 
The final structure is shown in Figure 16. 

25 An alternative embodiment of the invention is shown in Figure 

16 A. The cross-section shown in Figure 16A is identical to the cross-section 
shown in Figure 16 with the exception that the P" ring region 88 is not formed in 
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the epitaxial layer 60. The P~ ring region 88 enhances the performance in some 
embodiments, but is not necessary in other embodiments of the invention. 

The structure and operation of the DMOS transistor M will now be 
described with reference to Figures 17 and 18. Figure 17 is a partial electrical 
5 schematic diagram of an H-bridge circuit controlling an inductive load. A 
DMOS transistor M according to the first embodiment of the invention is shown 
in the position of a transistor M4 though it is preferred to use the transistor M for 
transistors Ml, M2, M3, M4 or at other locations in an integrated circuit. A 
drain of the transistor M4 is connected to a first end of an inductive load L, and a 

10 source of the transistor M4 is connected to a ground voltage reference. The 
parasitic elements are shown in schematic form In Figure 17 and at their general 
representative locations in silicon in Figure 18. A body diode Db and a Schottky 
diode SD are connected in parallel between the source of the transistor M4 and 
the drain of the transistor M4. The body diode Db has a resistance R Db which is 

15 shown in series. The Schottky diode SD has a resistance Rsd which is also 
shown in series. A diode Ds with a series resistance Ros is shown connected 
between a substrate SUB and the drain of the transistor M4. A parasitic PNP 
transistor QP2 has an emitter connected to the source of the transistor M4, a 
collector connected to the substrate SUB, and a base connected to the drain of 

20 the transistor M4. A parasitic NPN transistor QP is shown having a set of 
collectors that originate in a plurality of nearby N type epitaxial regions on the 
same integrated circuity a base connected to the substrate SUB, and an emitter 
connected to the drain of the transistor M4. 

A cross-sectional view of a DMOS transistor according to the first 

25 embodiment of the invention is shown in Figure 18. Similar elements and 
regions from Figures 16, 16A and 17 are given the same reference numerals. 
Representative examples of the parasitic elements of Figure 17 are shown in their 
general locations. The gate electrodes 84 are connected by a gate terminal G, as 
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is well known in the art. The N* drain region 64 has an ohmic connection with a 
drain terminal D through the layer 100. A body diode Db is shown between the 
P + region 94, which is in ohinic contact with a source terminal S through the 
metallic layer 98, and the epitaxial layer 60. A substrate diode Ds is shown 
between the P* substrate 50 and the epitaxial layer 60. A Schottky diode SD is 
shown between the metallic layer 98 and the epitaxial layer 60. The P" ring 88 
may or may not be present, according to a desired design. 

The contact between the metallic layer 98 and the epitaxial region 
60 is a rectifying contact providing the Schottky diode SD structure. A parasitic 
PNP transistor QP2 is shown having an emitter in the source terminal S through 
the P + region 94, a base in the epitaxial layer 60, and a collector in the P" 
substrate 50. A parasitic NPN transistor QP is shown having a plurality of 
collectors originating at various localized N type epitaxial wells, a base in the P" 
substrate 50, and an emitter in the epitaxial layer 60 of the DMOS transistor. 

The operation of the DMOS transistor according to the first 
embodiment of the invention will now be described. The DMOS transistor is 
switched on by applying a positive voltage to the gate terminal G. An N type 
channel is created in the P* body region 86 to conduct current between the N + 
source regions 90 and 92 and the N" drain region 64. The N 4 " drain region 64 is 
in ohinic contact with the drain terminal D. The source regions 90 and 92 are 
usually connected to a ground voltage reference through an ohmic contact with 
the source terminal S. 

When the DMOS transistor is driving an inductive load, the drain 
terminal D may be connected to the inductive load. A power supply to the 
inductive load may suddenly change, as described above, and the inductive load 
may, as a result, attempt to draw current through the DMOS transistor by 
reducing the voltage at the drain terminal D below the ground voltage reference 
at the source terminal S which could result in the below ground effect described 
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above. The inductive load therefore attempts to draw current from the ground 
voltage reference through the source terminal S, the DMOS transistor structure, 
and the drain terminal D. In an ideal DMOS transistor according to the 
invention, the rectifying contact between the metallic layer 98 and the epitaxial 
5 region 60 forms the Schottky diode SD with a forward bias voltage drop of 0.3 
volts. In comparison, the ideal body diode Db has a forward bias voltage drop of 
0.7 volts. In one embodiment of the DMOS transistor according to the invention, 
the Schottky diode SD is constructed with a titanium alloy and is likely to have a 
forward bias voltage drop in the general range of 0.56-0.6 volts and the body 

10 diode Db will likely have a forward bias voltage drop in the range of 0.9-1.1 
volts. In other embodiments, such as those in which other metals or different 
doping concentrations are used for the various junctions and diodes, the range 
may be much higher or lower, as selected by a designer. For example, aluminum 
alloys, tungsten alloys, or the like could be used for the Schottky diode and the 

15 doping concentrations in the silicon could be varied. 

When the voltage of the drain terminal D is driven below the 
ground voltage reference most of the recirculation current is passed through the 
Schottky diode SD, and none or only a small amount of the recirculation current 
can pass through the body diode Db if the Schottky diode is conducting a 

20 threshold current. The Schottky diode SD prevents the parasitic NPN transistor 
QP from switching on until the threshold current is reached. 

Similarly, if the DMOS transistor is driving an inductive load, and 
the source terminal S is connected to the inductive load, the oversupply effect 
described above may occur if the power supply to the inductive load is suddenly 

25 changed. The presence of the Schottky diode SD diverts the recirculation current 
from the body diode Db and prevents the parasitic PNP transistor QP2 from 
switching on. 



15 



An advantage of the placement of the Schottky diode SD is that it 
permits a large amount of current to flow from the source terminal S to the drain 
terminal D without the body diode Db or the parasitic transistors QP or QP2 
becoming active. In the DMOS transistors of prior art, the parasitic transistors 
5 QP and QP2 draw current any time the body diode Db is forward biased. In 
addition to the amount of current in the body diode Db, the rate of change of 
voltage across the transistor, dV/dt, also influences the response of the transistors 
QP and QP2. In the DMOS transistor according to the invention, the body diode 
Db and the parasitic transistors QP and QP2 are held off even when a large 

10 current is being drawn through the Schottky diode SD. For example, the source 
to drain current can be in the range of 4-6 amps or higher for this DMOS 
transistor in the integrated circuit and still avoid latch-up and parasitic problems 
in this transistor and also in the rest of the integrated circuit. The invention thus 
permits conducting a large operating current in a transistor on an integrated 

15 circuit without causing parasitic effects in other circuits on the same substrate. 
Further, the parasitic effects are avoided until a threshold current is drawn 
through the Schottky diode. The threshold current is determined in part by the 
area of the Schottky diode SD integrated into the structure of the DMOS 
transistor, the metals used, and other processing factors. In one embodiment, the 

20 area of the Schottky diode and metallic alloys are selected to ensure a threshold 
current of in excess of 4 amps, using the factors and materials described above. 
The body diode Db starts to draw significant current only after the Schottky 
diode SD is conducting well above the threshold current because the forward bias 
needed to switch on the body diode Db is much higher than the forward bias 

25 needed for the Schottky diode SD. The Schottky diode SD thus, prevents latch- 
up. It also prevents turn-on of an SCR when a current from the source terminal S 
is less than a threshold current 
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Another advantage of the DMOS transistor according to a first 
embodiment of the invention is the P" ring region 88 surrounding the rectifying 
contact between the metallic layer 98 and the epitaxial layer 60. The P" ring 
region 88 preferably overlaps both the gate electrode 84 and the metallic layer 
5 98, though this is not strictly required. The P" ring region 88 increases the 
breakdown voltage of the Schottky diode SD by creating a deeper depletion 
region v^thin the epitaxial layer 60. This has the advantage of increasing the 
breakdown voltage of the DMOS transistor. The Schottky diode SD may have a 
finite amount of leakage current, but the leakage current is inversely proportional 

10 to the potential of the rectifying contact, and a compromise may be reached 
between the amount of leakage current allowed and the desired contact potential. 
As described above, a DMOS transistor according to the invention may operate 
without the P" ring region 88. 

As a further advantage, the metallic layer 98 overlaps both the N 4 " 

15 source regions 90 and 92 as well as the P 4 " region 94. This ensures that they are 
held at the same voltage and is a further benefit to prevent latch-up and parasitic 
effects. 

An inventive DMOS transistor and a method for fabricating the 
inventive DMOS transistor have been described. The details of well known 

20 circuits such as an H-bridge circuit for controlling an inductive load have not 
been shown in detail in order not to unnecessarily obscure the invention. In 
addition, it will be appreciated that, although an embodiment of the invention has 
been described above for purposes of illustration, various modifications may be 
made without deviating from the spirit and scope of the invention. For example, 

25 the order of steps in the fabrication of the DMOS transistor may be rearranged. 
Also, those skilled in the art will appreciate that DMOS transistors having a 
different arrangement of regions could be employed according to the present 
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invention. Numerous variations are well within the scope of this invention. 
Accordingly, the invention is not limited except as by the appended claims. 
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CLAIMS 

L A DMOS transistor for an IC circuit, comprising: 

an epitaxial layer of a first conductivity type formed over a substrate; 

a deep barrier region formed within adjoining surface portions of the 
substrate and the epitaxial layer; 

a deep drain region extending from a surface of the epitaxial layer to 
outer peripheral regions of the deep barrier region to define a well region within the 
epitaxial layer; 

a body region of a second conductivity type formed within the well 

region; 

first and second source regions of the first conductivity type positioned 
at a surface of the well region and within the body region; 

first and second portions of gate electrodes positioned above the first 
and second source regions, respectively, the body region, and the well region; 

a conductive drain contact coupled to the deep drain region; and 

a metallic source contact coupled to the first and second source regions 
and to a central portion of the well region. 

2. The DMOS transistor of claim 1 wherein the metallic source 
contact and the central portion of the well region define a Schottky diode structure in 
parallel with an intrinsic body diode of the DMOS transistor. 

3. The DMOS transistor of claim 2 wherein the Schottky diode 
replaces the intrinsic body diode of the DMOS transistor by diverting current from 
flowing through the intrinsic body diode. 
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4. The DMOS transistor of claim 1 wherein the resultant structure 
defines a Schottky diode which shunts a majority of current in recirculation avoiding a 
tunx-on of parasitic devices. 

5. The DMOS transistor of claim 2, further including a ring of the 
second conductivity type positioned in the central portion of the well region and in 
contact with the metallic source contact to increase a breakdown voltage of the 
Schottky diode. 

6. A DMOS device for reducing the effects of parasitic devices in an 
IC circuit driving an inductive load, the device comprising: 

an epitaxial layer formed on a substrate; 

a well region formed by a deep drain region extending from a surface of 
the epitaxial layer and over a peripheral area of a deep barrier region located within 
the epitaxial layer and the substrate; 

a body region within the well region, the body region containing first 
and second source regions; 

a plurality of insulated gate electrodes formed over outer portions and 
inner central portions of the first and second source regions, respectively, the body 
region, and the well region; 

a guard ring in a central surface portion of the well region and 
surrounded by the body region; 

a first metallic contact coupled to the deep drain region; and 

a Schottky metallic contact coupled to the source regions and to the 
central surface portion of the well region between the insulated gate electrodes and 
contacting the guard ring. 
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7. A DMOS device for reducing operational effects of parasitic 
devices associated with IC circuits, the device comprising: 

a well region defined by a buried isolation region having an overlapping 
deep drain region within an epitaxial layer; 

a body region containing first and second source regions within the well 

region; 

insulated gates formed over a portion of the first and second source 

regions; and 

a Schottky contact coupled to a central portion of the well region and 
spaced from the body region, the Schottky contact defining a portion of a Schottky 
diode within the epitaxial layer having operational characteristic means for reducing 
operational characteristics of parasitic devices associated with IC circuits. 

8. The DMOS device of claim 7, further including a guard ring 
barrier spaced from the body region and adjacent to the Schottky contact, the guard 
ring barrier having operational characteristic means for increasing a breakdown 
voltage of the Schottky diode. 

9. A DMOS transistor in an IC circuit, comprising: 

an 'epitaxial layer of a first conductivity type formed over a substrate of a 
second conductivity type; 

a drain region of a first conductivity type formed within the epitaxial 

layer; 

a body region of the second conductivity type formed within the 
epitaxial layer; 

a source region of the first conductivity type formed within the body 

region; 

a gate electrode positioned above the source region, the body region, and 
the epitaxial layer; 
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a conductive drain contact coupled to the drain region; and 
a metallic source contact coupled to the source region and to the 
epitaxial layer. 

10. The DMOS transistor of claim 9 wherein the metallic source 
contact is in contact with the epitaxial layer at a surface of contact, the surface of 
contact forming a rectifying barrier. 

11. The DMOS transistor of claim 10 wherein the surface of contact 
between the metallic source contact and the epitaxial layer forms a Schottky diode, the 
Schottky diode conducting current when a forward bias is applied from the metallic 
source contact to the conductive drain contact. 

12. The DMOS transistor of claim 11 wherein the source region 
comprises two annular source regions separated by an annular region of the second 
conductivity type and the gate electrode comprises two annular gate electrodes 
positioned, respectively, above the two annular source regions; and 

wherein the body region is an annular body region surrounding a central 
portion of the epitaxial layer, the central portion of the epitaxial layer being in contact 
with the metallic source contacts to form the Schottky diode. 

13. The DMOS transistor of claim 12, further comprising: 

a ring region of the second conductivity type formed in the central 
portion of the epitaxial layer, the ring region being in contact with the metallic source 
contact to increase a breakdown voltage of the Schottky diode; 

a deep barrier region of the first conductivity type formed in the 
substrate below the epitaxial layer, the deep barrier region having a circular geometry 
with outer portions, the outer portions being in contact with the drain region. 
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14. A process for manufacturing a DMOS device in an IC circuit the 
process comprising the steps of; 

forming an epitaxial layer of a first conductivity type dopant over a 

substrate; 

forming a deep barrier region within adjoining surface portions of the 
substrate and the epitaxial layer, the deep barrier region having a higher dopant 
concentration of the first conductivity type than the epitaxial layer; 

implanting a deep drain region extending from a surface of the epitaxial 
layer to outer peripheral regions of the deep barrier region defining a well region 
within the epitaxial layer; 

implanting a body region of a second conductivity type within the well 

region; 

implanting first and second source regions of the first conductivity type 
at a surface of the well region and within the body region; 

forming a first insulated gate above an outer portion of the first source 
region, the body region, and the well region; 

implanting a guard ring in a central surface area of the well region and 
surrounded by the body region, the guard ring having a predetermined depth within 
the well region; 

forming a second insulated gate above an inner central portion of the 

second source region, the body region, and the well region; 

depositing a conductive drain contact over the deep drain region; and 
depositing a conductive source contact over the first and second source 

regions and the central surface area of the well region inside the second insulated gate. 

15. The process of claim 14, further including the step of implanting 
a central body region of the second conductivity type between the first and second 
source regions. 
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16. The process of claim 14, further including the step of implanting 
a deep isolation region of the second conductivity type extending from the surface of 
the epitaxial layer to the substrate, and circumferentially spaced from and surrounding 
the deep barrier region and the deep drain region. 



24 



DMOS TRANSISTORS WITH 
SCHOTTKY DIODE BODY STRUCTURE 

ABSTRACT OF THE DISCLOSURE 

A DMOS device in a complex integrated circuit having a well region 
defined by a buried isolation region and an overlapping deep drain region within an 
epitaxial layer formed over a substrate, a body region having two source regions 
within the well region, insulated gates over the two source regions, and a Schottky 
contact over a central portion of the well region and spaced from the body region. The 
Schottky contact defines a Schottky diode within the epitaxial layer for diverting 
current from the substrate in the event of a below ground effect or an oversupply 
effect. The invention reduces or eliminates altogether the effects of parasitic 
transistors in the complex integrated circuit 
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